
IX

Foreword V

List of Contributors XIX

1 Tutorial Reviews 1

1.1 Coupling Chemistries for the Modification and Functionalization of
Surfaces to Create Advanced Biointerfaces 3
Holger Schçnherr

1.1.1 Introduction 3
1.1.2 Surfaces and Self-Assembled Monolayers 5
1.1.3 Reactions at Surfaces 8
1.1.4 Coupling Chemistries 14
1.1.4.1 Covalent Attachment Reactions 14
1.1.4.2 Noncovalent Attachment Reactions 20

References 25

1.2 Tutorial Review: Surface Plasmon Resonance-Based Biosensors 29
Jakub Dost�lek, Chun Jen Huang, and Wolfgang Knoll

1.2.1 Introduction 29
1.2.2 Surface Plasmons 29
1.2.3 Optical Excitation of Surface Plasmons 32
1.2.4 Implementation of SPR Biosensors 34
1.2.5 Sensitivity of a SPR Biosensor to Biomolecular Binding 39
1.2.6 Evaluation of Binding Affinity Constants 42
1.2.7 Applications of SPR Biosensors 46
1.2.8 Summary 49

References 49

Contents

Surface Design: Applications in Bioscience and Nanotechnology
Edited by Renate Fçrch, Holger Schçnherr, and A. Tobias A. Jenkins
Copyright � 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
ISBN: 978-3-527-40789-7



X

1.3 Tutorial Review: Surface Modification and Adhesion 55
Renate Fçrch

1.3.1 Introduction 55
1.3.2 Chemical Methods of Adhesion Promotion 58
1.3.3 Physicochemical Methods of Surface Modification 62
1.3.3.1 Plasma-Assisted Surface Modification 63
1.3.4 Analytical Tools to Study Adhesion 70
1.3.5 Adhesion Failure – Longevity of Modification 72
1.3.6 Summary 73

References 73

1.4 Tutorial Review: Modern Biological Sensors 81
A. Tobias A. Jenkins

1.4.1 Analytical Concepts in Biosensor Design 81
1.4.1.1 Units of Concentration 81
1.4.1.2 Sensitivity 82
1.4.1.3 Analyte Selectivity 83
1.4.1.4 Limit of Detection (LoD) 83
1.4.2 Signal Amplification 84
1.4.2.1 Signal Amplification by Increasing the Effective Analyte

Concentration 84
1.4.2.2 Signal Amplification by Assay Design 84
1.4.2.3 Signal Amplification using High-Sensitivity Instrumentation 85
1.4.3 Strategies for Attaching Functional Biomolecules to Surfaces 85
1.4.3.1 Biotin-Streptavidin 87
1.4.3.2 Direct Covalent Coupling of Biomolecules Using EDC–NHS 87
1.4.3.3 His Tag 89
1.4.3.4 Three-Dimensional Sensor Surface Structuring 89
1.4.3.5 Brush Surfaces 89
1.4.3.6 Specific Orientation of Bound Proteins 90
1.4.4 Methods to Prevent Nonspecific Adsorption 90
1.4.5 Analyte Recognition 91
1.4.6 Overview of some Biosensing Strategies 92
1.4.6.1 Bacterial and Viral Sensing 92
1.4.6.2 Antibody �Sandwich’ Assay Sensing Platform for Detection of

Group B Streptococcus Bacterium 92
1.4.6.3 Biosensors for Detecting Viruses: Antibody Recognition and the

HIV Test 94
1.4.6.4 Biosensors for Detecting Enzymes: Sensors for Human Pregnancy

Hormone 95
1.4.6.5 Nucleic-Acid-Based Sensors 95
1.4.6.6 Electrochemical Measurement of Blood Glucose 97
1.4.7 Summary and Conclusions 98

References 99

Contents



XI

2 Functional Thin Film Architecture and Platforms Based on Polymers 103

2.1 Controlled Block-Copolymer Thin-Film Architectures 105
Monique Roerdink, Mark A. Hempenius, Ulrich Gunst,
Heinrich F. Arlinghaus, and G. Julius Vancso

2.1.1 Introduction 105
2.1.2 Results and Discussion 107
2.1.2.1 Wetting Layer 109
2.1.2.2 Ordering on Planar Substrates 114
2.1.2.3 Ordering on Topographically Patterned Substrates 116
2.1.3 Conclusions 119
2.1.4 Experimental Section 120

References 122

2.2 Stimuli-Responsive Polymer Brushes 125
Edmondo Benetti, Melba Navarro, Szczepan Zapotoczny,
and G. Julius Vancso

2.2.1 Introduction 125
2.2.2 Synthesis 126
2.2.3 Stimuli-Responsive Brushes 127
2.2.4 Engineering of Surfaces with Stimuli-Responsive Polymer Brushes 128
2.2.5 Polymer Brushes Across the Length Scales: A Tool for Functional

Nanomaterials 133
2.2.6 Polymer Brushes and Cell Adhesion 136

References 141

2.3 Cyanate Ester Resins as Thermally Stable Adhesives for PEEK 145
Basit Yameen, Matthias Tamm, Nicolas Vogel, Arthur Echler,
Renate Fçrch, Ulrich Jonas, and Wolfgang Knoll

2.3.1 Introduction 145
2.3.2 Experimental 147
2.3.2.1 Materials and Methods 147
2.3.2.2 Sample Preparation 147
2.3.2.3 Wet-Chemical Surface Activation – Reduction of Surface Carbonyl

Groups to Hydroxy Groups (PEEK-OH) 148
2.3.2.4 Wet-Chemical Surface Activation – Transformation of Surface Hydroxy

Groups into Cyanate Groups (PEEK-OCN) 148
2.3.2.5 Plasma-Assisted Surface Activation 149
2.3.2.6 Gluing and Adhesion Tests 149
2.3.3 Results and Discussion 150
2.3.3.1 Choice of PT-30 CEM as Adhesive for PEEK 150
2.3.3.2 Surface Activation of PEEK for Adhesion Improvements 155

Contents



2.3.4 Conclusion 162
References 164

2.4 Structured and Functionalized Polymer Thin-Film Architectures 165
Holger Schçnherr, Chuan Liang Feng, Anika Embrechts,
and G. Julius Vancso

2.4.1 Introduction 165
2.4.2 Results and Discussion 170
2.4.3 Outlook 177

References 178

3 Biointerfaces, Biosensing, and Molecular Interactions 181

3.1 Surface Chemistry in Forensic-Toxicological Analysis 183
Martin J�bner, Andreas Scholten, and Katja Bender

3.1.1 Introduction 183
3.1.2 Forensic Analysis and Novel Surface-Based Biosensors 186
3.1.2.1 Principles and Confines of Extraction, Separation and Detection of

Analytes and the Role of Surface Chemistry 188
3.1.2.2 New Attempts in Analytical Surface Chemistry 190
3.1.2.3 New Forensic Fields of Application of Novel Surface-Based

Biosensors 193
3.1.2.4 Further Perspectives and Applications 198
3.1.3 Summary and Conclusions 201

References 202

3.2 Modification of Surfaces by Photosensitive Silanes 207
Xiaosong Li, Swapna Pradhan-Kadam, Marta �lvarez, and Ulrich Jonas

3.2.1 Introduction 207
3.2.2 Application of Patterned Functional Surfaces 208
3.2.3 Synthesis of Photosensitive Silane Molecules 214
3.2.4 Photodeprotection of Me-NVoc and Benzoin Silanes in Solution 216
3.2.5 Patterning Self-Assembled Monolayers by Photolithography 216
3.2.6 Summary and Conclusion 218

References 219

3.3 Solid-Supported Bilayer Lipid Membranes 221
Ingo Kçper and Inga Vockenroth

3.3.1 Introduction 221
3.3.2 Tethered Bilayer Lipid Membranes 223
3.3.3 Protein Incorporation 227
3.3.4 Conclusion and Outlook 229

References 230

ContentsXII



3.4 Interaction of Structured and Functionalized Polymers with Cancer
Cells 233
Anika Embrechts, Chuan Liang Feng, Ilona Bredebusch, Christina E. Rommel,
J�rgen Schnekenburger, G. Julius Vancso, and Holger Schçnherr

3.4.1 Introduction 233
3.4.2 Cancer-Cell-Surface Interactions 240
3.4.3 Outlook 247

References 247

3.5 Fabrication and Application of Surface-Tethered Vesicles 251
Thomas Lloyd Williams and A. Tobias A. Jenkins

3.5.1 Introduction 251
3.5.1.1 Lipid Vesicles 251
3.5.1.2 Fabrication of Surface-Tethered Lipid Vesicles 252
3.5.1.3 Polymer-, SAM- and Streptavidin-Tethered LUVs 253
3.5.1.4 Fabrication of LBVs 254
3.5.1.5 Composition of Solid-Supported LBVs 255
3.5.2 Results and Discussion 256
3.5.2.1 The Effect of Lipid Chain Length 256
3.5.2.2 Modeling Passive Diffusion Through Membrane 256
3.5.2.3 The Effect of Cholesterol 258
3.5.2.4 Biophysical and Microscopy Techniques to Study Tethered Lipid

Vesicles 259
3.5.2.5 The Application of Surface-Tethered Lipid Vesicles 261
3.5.3 Conclusions 266

References 267

3.6 Plasma-Polymerized Allylamine Thin Films for DNA Sensing 271
Li-Qiang Chu, Wolfgang Knoll, and Renate Fçrch

3.6.1 Introduction 271
3.6.2 Experimental Section 272
3.6.2.1 Materials and Substrates 272
3.6.2.2 Plasma Deposition of ppAA Films 273
3.6.2.3 Film Analysis 274
3.6.2.4 SPR and OWS Measurements 274
3.6.2.5 SPFS Measurements 274
3.6.3 Results and Discussion 275
3.6.3.1 Film Analysis 275
3.6.3.2 Comparison of PNA and DNA Adsorption on a ppAA Film 278
3.6.3.3 Detection of Different DNA Targets 279
3.6.4 Conclusions 281

References 282

Contents XIII



4 Nanoparticles and Nanocontainers 285

4.1 Defined Colloidal 3D Architectures 287
Nina V. Dziomkina, Mark A. Hempenius, and G. Julius Vancso

4.1.1 Introduction 287
4.1.2 Results and Discussion 291
4.1.2.1 Electrophoretic Deposition of Polymer Colloidal Particles 291
4.1.2.2 Deposition of Colloidal Particles on Flat (Nonpatterned) Electrode

Surfaces 293
4.1.2.3 Deposition Control of Colloidal Particles on Patterned Surfaces 294
4.1.2.4 Formation of Colloidal Monolayers 299
4.1.2.5 Colloidal Crystals with FCC and BCC Crystal Structure 301
4.1.2.6 Layer-by-Layer Colloidal Deposition: Nonclose-Packed Colloidal Crystals

with Hexagonal Symmetry 306
4.1.2.7 Layer-by-Layer Colloidal Deposition: Binary Colloidal Monolayers and

Crystals 308
4.1.2.8 Layer-by-Layer Colloidal Deposition: Formation of Colloidal Crystals

with Planar Defects 312
4.1.2.9 Layer-by-Layer Colloidal Deposition: Colloidal Crystals with NaCl

Structure 314
4.1.3 Conclusions 316

References 318

4.2 Nanoparticles at the Interface: The Electrochemical
and Optical Properties of Nanoparticles Assembled into 2D
and 3D Structures at Planar Electrode Surfaces 323
Petra J. Cameron

4.2.1 Introduction 323
4.2.2 Choice of Substrate – 2D and 3D Arrays 325
4.2.3 The Dielectric Environment 325
4.2.4 Electrochemical Measurements on Quantum Dots 326
4.2.5 Optical Properties of Charged Quantum Dots 330
4.2.6 The Interaction of QDs and Surface Plasmons 334
4.2.7 Outlook 338

References 338

4.3 Surface Engineering of Quantum Dots with Designer Ligands 341
Nikodem Tomczak, Dominik Jańczewski, Oya Tagit, Ming-Yong Han,
and G. Julius Vancso

4.3.1 Introduction 341
4.3.2 Historical Perspective 342
4.3.3 Semiconductor Nanocrystals – Quantum Dots 343
4.3.4 Surface Functionalization of Quantum Dots 345

ContentsXIV



4.3.4.1 Passivation with Inorganic Shells 346
4.3.4.2 Encapsulation of Quantum Dots with Silica 347
4.3.4.3 Functionalization of Quantum Dots with Organic Ligands 349
4.3.5 Analysis and Characterization of QD Ligand Shells 352
4.3.6 Conclusion and Outlook 355

References 356

4.4 Stimuli-Responsive Capsules 363
Yujie Ma, Mark A. Hempenius, E. Stefan Kooij, Wen-Fei Dong,
Helmuth Mçhwald, and G. Julius Vancso

4.4.1 Introduction 363
4.4.2 Experimental Section 365
4.4.2.1 Materials 365
4.4.2.2 Multilayer Fabrication on Flat Substrates 365
4.4.2.3 Polyelectrolyte Multilayer Capsule Preparation 366
4.4.3 Results and Discussion 366
4.4.3.1 Redox Characteristics of PFS Multilayers on Flat Substrates 366
4.4.3.2 Microcapsule Formation and Permeability Threshold 367
4.4.3.3 Chemical Oxidation of (PFS–/PFS+)n Microcapsules 369
4.4.3.4 Chemical Reduction of (PFS–/PFS+)n Microcapsules 370
4.4.3.5 Chemical Redox-Responsive Behavior of (PSS–/PFS+)5

Microcapsules 372
4.4.3.6 Chemical Redox-Responsive Behavior of (PFS–/PAH+)5

Microcapsules 373
4.4.3.7 Redox-Responsive Permeability of Composite-Wall Microcapsules 374
4.4.3.8 Electrochemically Redox-Responsive Microcapsules 378
4.4.4 Conclusions 379

References 381

4.5 Nanoporous Thin Films as Highly Versatile and Sensitive Waveguide
Biosensors 383
K.H. Aaron Lau, Petra Cameron, Hatice Duran, Ahmed I. Abou-Kandil,
and Wolfgang Knoll

4.5.1 Introduction 383
4.5.2 Experimental Techniques 384
4.5.2.1 Fabrication of Nanoporous Oxide Thin-Film Waveguides by Bottom-Up

Approaches 384
4.5.2.2 TiO2 Particle Thin Films 385
4.5.2.3 Nanoporous Anodic Aluminum Oxide (Nanoporous AAO) 385
4.5.2.4 Optical Waveguiding and Optical Waveguide Spectroscopy (OWS) 386
4.5.2.5 Effective Medium Theory (EMT) 387
4.5.3 Nanoporous Waveguide Sensing 389
4.5.4 Advanced Applications 393
4.5.4.1 Functionalization of Nanoporous AAO with Polypeptide Brushes 393

Contents XV



4.5.4.2 In-Situ Characterization of Layer-by-Layer (LbL) Deposition of Dendrimer
Polyelectrolyte 395

4.5.4.3 Simultaneous Waveguide and Electrochemistry Measurements 397
4.5.5 Conclusions 398

References 399

5 Surface and Interface Analysis 403

5.1 Stretching and Rupturing Single Covalent and Associating
Macromolecules by AFM-Based Single-Molecule Force
Spectroscopy 405
Marina I. Giannotti, Weiqing Shi, Shan Zou, Holger Schçnherr,
and G. Julius Vancso

5.1.1 Single-Molecule Force Spectroscopy Using AFM 405
5.1.2 Stretching of Individual Macromolecules 408
5.1.3 Realization of a Single-Macromolecular Motor 409
5.1.4 Stretching of Individual Polysaccharide Filaments 414
5.1.5 Rupture of Host–Guest Complexes and Supramolecular Polymers 419

References 424

5.2 Quantitative Lateral Force Microscopy 429
Holger Schçnherr, Ewa Tocha, Jing Song, and G. Julius Vancso

5.2.1 Introduction 429
5.2.2 Results and Discussion 434
5.2.3 Outlook 443

References 444

5.3 Long-Range Surface Plasmon Enhanced Fluorescence Spectroscopy
as a Platform for Biosensors 447
Amal Kasry, Jakub Dost�lek, and Wolfgang Knoll

5.3.1 Introduction 447
5.3.2 Surface Plasmon Modes Propagating on a Thin Metal Film 448
5.3.3 Optical Excitation of LRSPs 452
5.3.4 Implementation of LRSPs in a SPFS-Based Biosensor 454
5.3.5 Comparison of LRSP and SP-Enhanced Fluorescence Spectroscopy 455
5.3.6 LRSP-Enhanced Fluorescence Spectroscopy: Biomolecular Binding

Studies 457
5.3.7 Conclusions and Future Outlook 459

References 460

ContentsXVI



Appendices: Surface Analytical Tools 463

Appendix A Material Structure and Surface Analysis 465
Appendix B Atomic Force Microscopy 467
Appendix C Contact Angle Goniometry 471
Appendix D Ellipsometry 474
Appendix E Fourier Transform Infrared Spectroscopy 476
Appendix F Impedance Spectroscopy 479
Appendix G Scanning Electron Microscopy 483
Appendix H Surface Plasmon Resonance 485
Appendix I Optical Waveguide Spectroscopy (OWS) – lm-Thick Films 488
Appendix J Waveguide Mode Spectroscopy (WaMs) – nm-Thick Films 491
Appendix K X-ray Photoelectron Spectroscopy (XPS) 493

Index 497

Contents XVII




